Conclusions. LP were detected in a significant proportion of dialysis patients, probably related to Background. Late potentials (LP) on the signalaveraged electrocardiogram (SAECG) are predictive underlying CAD with left ventricular dysfunction.
changes induced by haemodialysis on the SAECG Cardiac echo-Doppler evaluation parameters are lacking.
All patients underwent a complete echo-Doppler examination
The aim of the present study was to evaluate the within 2 weeks of the SAECG by means of a commercially prevalence of late potentials in a population of patients available instrument (EsaOte Biomedica SIM 7000 CFM, undergoing chronic intermittent haemodialysis and the Italy) and recorded on a video recorder (Panasonic Super acute effects of dialysis on the SAECG. VHS, Japan) for subsequent play back and analysis. All exams were performed 24 h after the previous haemodialytic treatment. A complete baseline examination was done, and end-diastolic septal and posterior wall thickness and left
Subjects and methods
ventricular internal dimensions were assessed. The left ventricular mass was calculated according to the Penn-cube for-
Patient population
mula [30] . The left ventricular wall motion score index was calculated in each patient following the recommendations of All patients undergoing chronic haemodialytic treatment in the American Society of Echocardiography [31] . our dialysis unit were enrolled in the study with the exception of patients with signs of congestive heart failure, baseline Statistical analysis conduction abnormalities and arterial hypotension at the end of the dialytic procedure. Therefore, the final population Data were expressed as mean±SD and analysed by Student's consisted of 48 consecutive patients, 22 females, with a mean t-test for both paired and unpaired data. Regression coeffiage of 67±13 years on chronic intermittent haemodialysis cients were calculated between SAECG variables and the for 63±55 months (range 1-250 months). Nine patients had laboratory data. A P<0.05 was considered as significant. a clinical, electrocardiographic and enzymatic diagnosis of a previous myocardial infarction. Twenty eight patients were undergoing cardiovascular therapy: 22 antihypertensive treatResults ment, four digitalis, and four angiotensin-converting enzymeinhibitors+transdermal nitrates; none of them was using beta-blockers or other antiarrhythmic treatment.
Late potentials at baseline
Technically adequate SAECGs with a noise below Haemodialysis 0.7 mV were obtained before and after haemodialysis in 45/48 patients. Late potentials were recorded in All patients underwent maintenance haemodialysis for an 12/45 (25%) patients before the start of the dialytic average of 4 h three times a week using a Ultramatic Bellco procedure. Of these 12 patients, seven had history of artificial kidney. The blood flow rate (mEq/l ) during haemo-a previous myocardial infarction and two had docudialysis was 300-350 ml/min. The dialysate contained Na mentation of ischaemic heart disease without signs of ) were calculated istics are summarized in Table 1 .
at both filtering settings. Late potentials were considered
Echocardiographic data of patients with and without present when at least two of the following criteria were late potentials are summarized in Table 2 the two groups of patients, while a significantly higher wall motion score index was observed in patients with an abnormal SAECG. Biochemical parameters Chemical analysis obtained before haemodialysis were comparable in the Blood samples for electrolyte (potassium, sodium and cal-two groups of patients, as well as changes in body cium) and for HCO 3 − serum concentration were taken before weight induced by haemodialysis ( Table 3) . 25-250 and 40-250 high pass filters was observed at and calcium, sodium, bicarbonate and body weight.
First AV block 1 3 Likewise, the changes in LAS 40 and RMS 40 bore no LVH 2 9 relationship to the changes in the biochemical parameters.
ECG data obtained from a routine ECG performed before the start of dialysis. MI, myocardial infarction; PAC, premature atrial contractions; PVC, premature ventricular contractions; AV, atrioventricular; LVH, left ventricular hypertrophy. artery disease in these patients would probably have defined the study population more accurately. However, these tests are not free of side effects and bear a potential hazard, so they cannot be safely the end of the dialysis procedure (98±11 vs 106±16 ms at 25 Hz and 97±11 vs 103±12 ms at 40 Hz, P<0.01). proposed for every patient, especially when the pretest probability of coronary artery disease is low.
Discussion

No significant changes in LAS 40
and RMS 40 were found when SAECGs obtained before and after dialysis A previous study recorded late potentials in only 14% of 33 haemodialysed patients [33] which is well were compared both at 25 and 40 Hz. When groups with and without late potentials at baseline were com-below the 25% observed in our study. This discrepancy can be explained partly by the younger age and the pared, the increase in fQRS duration at the end of the dialytic procedure did not show a significant difference much lower prevalence of myocardial infarction in that population as compared with ours. Moreover, in that either at 25 or 40 Hz filter ( Figure 1) .
As a result of dialysis treatment, the following study, the criteria used for defining late potentials did not conform, as ours did, to the recommendations of changes in serum electrolytes were recorded: potassium from 5.6±0.9 to 3.4±0.7 mEq/l (P<0.001), calcium the Committee of the European Society of Cardiology, the American Heart Association and the American and 40 Hz bidirectional filters. This prolongation was due to the widening of the initial portion of the QRS College of Cardiology [29] .
Some authors have reported that left ventricular rather than to the prolongation of the late portion of the fQRS. In fact the terminal part of the fQRS signal hypertrophy can induce a prolongation of QRS duration on the SAECG due to a longer depolarization (LAS 40 amplitude signals duration) was practically unchanged before and after haemodialysis ( Figure 1) . time [34] . Patients under maintenance haemodialysis show a very high prevalence of left ventricular hyperThe prolongation of fQRS duration after dialysis is not surprising. Studies on QRS duration in experitrophy [35, 36 ] which might be responsible for the prolongation of QRS duration. This explanation mental settings have demonstrated that a reduction in serum potassium levels can induce an increase in QRS appears unlikely, since we did not detect a significant difference in left ventricular mass between the groups duration on conventional surface electrocardiograms due to a generalized slowing of conduction in the with and without late potentials on pre-dialysis SAECG.
myocardial fibres rather than to a focal block within the bundle branches [37] [38] [39] . Indeed, we found a We also found that the dialysis session induced a prolongation of the total filtered QRS duration at 25 significant relationship between the serum potassium with nonischemic congestive cardiomyopathy. Relationship to sustained ventricular tachycardia. 
